Introduction
============

Despite being a major cause of morbidity and mortality, predicted to become the third biggest cause of death and the fifth largest contributor to disability-adjusted life years by 2020, chronic obstructive pulmonary disease (COPD) remains significantly under-diagnosed.^[@bib1],[@bib2]^ This means that patients with the condition are being denied appropriate lifestyle and therapeutic interventions which have the potential to improve health status and survival.^[@bib3; @bib4; @bib5; @bib6; @bib7]^ Indeed, a significant proportion of patients are not diagnosed until they are admitted to hospital with an acute exacerbation.^[@bib8]^ Under the UK Quality and Outcomes Framework (QOF), primary care has been incentivised to maintain a register of COPD patients and record inhaler technique, spirometry, and smoking status every 15 months.

A locally enhanced service (LES) for COPD was introduced by Kensington and Chelsea (K&C) Primary Care Trust (PCT) in 2008. PCTs are local National Health Service (NHS) organisations responsible for commissioning of healthcare services. A key feature of the LES was that it included a small financial incentive for general practitioners (GPs) to perform spirometry, but a larger one where COPD patients were identified and received the additional quality items of care including spirometry and pulse oximetry; a review of smoking with smoking cessation advice and referral to a smoking cessation service if appropriate; recording of body mass index and MRC dyspnoea score; review of inhaler technique; medication review; provision of a COPD rescue pack if appropriate; issuing a self-management plan; and influenza and pneumococcal vaccination.^[@bib9]^ This encouraged GPs to focus case-finding efforts on those most likely to have the condition. We have previously reported that, in the first year, the LES produced a sharp increase in the diagnosed COPD prevalence, whereas there was no divergence from the slow rate of increase in diagnosed prevalence in either a neighbouring PCT which was part of the same integrated service improvement programme but which had not implemented the LES, or in the London Strategic Health Authority (SHA) area as a whole.^[@bib9]^ Details of the development of the LES are contained in the online supplement to that publication.

The LES has continued to operate, and the first aim of this study was to investigate whether the initial effect of the LES that we had observed was sustained. As a second objective we wished to investigate the implications of the current rate of increase in prevalence for the proportion of COPD patients who would have been identified 5 years from now in 2017.

Methods
=======

Annual QOF report data on diagnosed or GP-registered prevalence of COPD at the PCT level from 2005 through to March 2011 were obtained from the Quality Management and Analysis System (QMAS) database via the NHS Information Centre. The QMAS is a national IT system which gives GP practices and PCTs objective evidence and feedback on the quality of care delivered to patients. It supports the QOF element of the UK GP contract and has been in operation since 2004.

Estimates of the 2011 population prevalence of COPD were calculated using a model developed at the Department of Primary Care and Public Health, Imperial College, London^[@bib10]^ (available at <http://www.apho.org.uk/diseaseprevalencemodels>). The model was developed using data from the 2001 Health Survey for England. The model takes into account age, sex, ethnicity, smoking status, rurality, and deprivation score at the GP practice level. The trends in diagnosed COPD prevalence before and after the introduction of the LES were compared using interrupted time series analysis. Extrapolation of a simple linear regression model was used to calculate the expected diagnosed prevalence together with 95% confidence intervals (95% CI) in the different areas for the year 2017. True COPD prevalence was assumed to remain constant over time and expressed as a proportion of the whole population.

Results
=======

[Table 1](#tbl1){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"} show that diagnosed COPD prevalence has continued to rise in K&C PCT at a faster rate than in Westminster PCT where the LES is not in place and compared with the London SHA and with England. Using interrupted time series analysis around the introduction of the LES in 2008, there was a significant acceleration in the annual rate of increase in COPD diagnosis in K&C (p\<0.0001) but no significant change in Westminster (p=0.6), London SHA (p=0.5), or England (p=0.8). To quantify the effect of the LES in K&C, we extrapolated the prevalence data for the four years from 2005 to 2008 before it was introduced. On this basis, the 2011 diagnosed prevalence in K&C would have been 0.91% (95% CI 0.86% to 0.95%) compared with the observed prevalence of 1.17%. For the other populations, the prevalences observed in 2011 all fell within the 95% CIs based on extrapolating 2005--2008 data which were as follows: Westminster 0.81% (95% CI 0.76% to 0.85%); London 1.02% (95% CI 0.95% to 1.09%); England 1.6% (95% CI 1.45% to 1.73%).

Projected future rates of diagnosis
-----------------------------------

[Table 2](#tbl2){ref-type="table"} gives the regression equations and r^2^ values for trends in prevalence using annual data for 2008--2011 as well as CIs for when these would reach the modelled prevalence. For K&C, London, Westminster and England, respectively, r^2^ values were 0.98, 0.99, 0.94, and 0.98, suggesting that a linear model is reasonable. On the basis of the 2008--2011 trends, by 2017 the expected diagnosed prevalences would be: K&C 1.85% (95% CI 1.39% to 2.29%); Westminster 1.01% (95% CI 0.88% to 1.24%); London SHA 1.19% (95% CI 1.09% to 1.31%); and England 1.89% (95% CI 1.71% to 2.09%). These are 55.6%, 33.3%, 40%, and 64.5% of the respective modelled prevalences. Based on the pre-LES trend, the expected prevalence in K&C in 2017 would be only 1.17% (95% CI 1.07% to 1.25%), or 27.3% of the modelled prevalence.

Discussion
==========

Main findings
-------------

The main finding of this study is that the introduction of the LES for COPD in Kensington and Chelsea in 2008 was associated with a sustained significant increase in the rate of COPD case-finding rather than a one-off change. By contrast, the rate of change in diagnosed COPD prevalence both in the rest of London and in England as a whole has not changed. Extrapolating a short distance into the future, 55.6% of COPD patients in K&C would have been identified by 2017 with the LES in place but only 27.3% without.

Strengths and limitations of the study
--------------------------------------

Since we have not used an experimental design, some caution is needed regarding causality and assuming that the increase in case-finding is due to the LES and not to another factor such as regression to the mean or other interventions. The stability of the trend in prevalence in a neighbouring PCT that was also part of the same integrated service improvement programme for COPD --- but where the LES was not introduced --- supports our hypothesis that the LES was the cause of the increased identification of patients, as does the stability across the London SHA and England as a whole.

We extrapolated trends in diagnosed COPD a short period into the future to highlight the potential impact of the LES. We have assumed that the actual prevalence of COPD would remain constant at that modelled for 2011. It is likely that demographic changes and changes in smoking habits will influence the true prevalence of COPD, but these differences are likely to be small over the time period involved. Our focus is on what can be done to narrow the gap that exists at the present time between the diagnosed and true prevalence of the disease. The purpose of the extrapolation is to illustrate the potential consequences of failing to address the systemic issues that contribute to under-diagnosis of COPD now.

Interpretation of findings in relation to previously published work
-------------------------------------------------------------------

The key implication of these data is that the net effect of efforts *so far* to deal with the problem of the 'missing millions'^[@bib2]^ of patients with as yet undiagnosed COPD are simply inadequate, and that the provision of an appropriate structure of incentives to make case-finding a worthwhile activity for GPs --- in this case the LES where reimbursement was tied directly to identifying patients and delivering quality care --- appears to be an effective strategy. In particular, the sustained improvement achieved between 2008 and 2011 suggests that the initial step-up in prevalence previously reported^[@bib9]^ was not a one-off phenomenon.

Various case-finding strategies involving spirometry in primary care have confirmed that targeted approaches to at-risk populations can be effective.^[@bib11; @bib12; @bib13; @bib14; @bib15; @bib16]^ COPD patients typically have a history including cough, sputum, wheeze, or breathlessness in the context of tobacco exposure.^[@bib17]^ It should not be difficult to identify patients at risk who would be eligible for screening spirometry to confirm or refute the diagnosis. A recent publication reported that a strategy of performing spirometry in primary care patients with a respiratory infection and a history of smoking identified significant numbers of previously undiagnosed COPD patients.^[@bib12]^ This is unsurprising and prompts the response that this should be a routine standard of care.

Implications for future research, policy and practice
-----------------------------------------------------

Although factors such as the education of healthcare professionals, access to spirometry as well as its interpretation, and public awareness of COPD and the significance of respiratory symptoms have rightly been highlighted, a key issue remains one of political will to create the appropriate structures and individual motivation for health professionals to make the diagnosis and manage the additional workload. The management of COPD, particularly with regard to exacerbations and hospital admission, is becoming a priority^[@bib18]^ because of the need to reduce healthcare expenditure. However, if efforts are not made to diagnose early disease, patients will be denied appropriate care including early aggressive smoking cessation interventions, pharmacological therapy, and pulmonary rehabilitation that can improve quality of life and potentially prevent future admissions.^[@bib3; @bib4; @bib5; @bib6]^

An additional priority is the growing appreciation that physical inactivity is itself an aetiological factor in the development and progression of COPD,^[@bib19; @bib20; @bib21]^ with evidence that systemic manifestations such as skeletal muscle impairment are present even in early disease.^[@bib13],[@bib22]^ As well as enhancing smoking cessation,^[@bib4]^ an earlier diagnosis of COPD could be used to motivate patients to adopt a more active lifestyle to prevent progression of the condition.^[@bib21]^

Although the data presented here apply to England, they have relevance more widely as the issue of timely COPD identification is an important concern for commissioners of healthcare in other settings, given that the condition is estimated to affect approximately 10% of people over the age of 40 worldwide.^[@bib23]^ These data suggest that, without specific incentives to identify patients with COPD, limited progress in addressing the problem will be made. This has to be considered in the context of competing demands on healthcare resources. Although we have not collected cost-effectiveness data for the LES, in our original report the cost of screening per new diagnosis of COPD was estimated at £94.^[@bib9]^ This included an initial £1,000 start-up payment to practices so may be an overestimate of the ongoing cost. The incremental cost-effectiveness ratio of opportunistic case-finding has been estimated as a cost per quality-adjusted life year of only £814, which is much lower than many funded healthcare interventions.^[@bib24]^ An interesting finding is the disparity between London and the rest of England where the proportion of patients diagnosed with COPD is higher. This may reflect specific issues concerning healthcare provision within London, such as a more mobile and ethnically diverse population.

Conclusions
-----------

The present data show that the introduction of the locally enhanced service in Kensington and Chelsea was associated with a sustained acceleration in COPD case-finding. In contrast to this, the net effect of strategies to address the problem of undiagnosed COPD across England --- and particularly in London --- is inadequate. Early diagnosis is directly relevant to the provision of sustainable health services as the prevention and avoidance of future healthcare needs is a key element for this.^[@bib25]^
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###### Diagnosed prevalence of chronic obstructive pulmonary disease (COPD) for reporting years 2005--2011
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###### Expected COPD prevalence in 2017
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[^1]: The LES was developed by CF and IDB. NSH and CF collected and analysed the data. MS provided the modelled COPD prevalences. NSH wrote the first draft with CF and all authors contributed to the final draft and approved the final version. NSH is the guarantor of the paper.
